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COMPOSITION FOR REDUCING
INHIBITION OF NUCLEIC ACID
AMPLIFICATION

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a national stage filing under 35 U.S.C.
371 of PCT/US2015/066968, filed Dec. 21, 2015, which
claims the benefit of both U.S. Provisional Application No.
62/136,682, filed Mar. 23, 2015, and U.S. Provisional Appli-
cation No. 62/096,217, filed Dec. 23, 2014, the disclosures
of which are incorporated by reference in their entirety
herein.

BACKGROUND

Conventional methods for the detection of pathogens and
other microorganisms are based on culture methods, but
these are time consuming, laborious, and no longer compat-
ible with the needs of quality control and diagnostic labo-
ratories to provide rapid results.

Efforts to overcome problems like culturing the microor-
ganisms, false positives in pathogen detection have led to the
development of genetic testing such as DNA-based diag-
nostic methods or nucleic acid proliferation methods. The
use of DNA-based methods derives from the premise that
cach species ol pathogen carries unique DNA or RNA
signature that diflerentiates 1t from other organisms. These
techniques are the most promising and are increasingly used
for rapid, sensitive and specific detection of microbes.

Advances 1n biotechnology have led to the development
of a diverse array of assays for eflicient nucleic acid ampli-
fication.

The eflective genetic testing of samples containing micro-
organisms/pathogens requires rapid sensitive assay methods
that gives 1nstant or real time results. Time and sensitivity of
analysis and mhibition of nucleic acid amplification caused
by inhibitory substances in the sample are certain limitations
related to the usefulness of genetic testing.

It 1s desirable to have a composition and a method to
ciiciently and rapidly reduce or eliminate the inhibition of
the nucleic acid amplification of the intended target.

SUMMARY

The present disclosure provides a composition for elimi-
nating sample mnhibition in nucleic acid amplification reac-
tion and a nucleic acid amplification method using this
composition.

In a first aspect, an aqueous composition 1s provided for
climinating sample inhibition 1n a nucleic acid amplification
reaction. The composition can comprise an organic 1ron-
chelating reagent, ferric iron, and a non-1onic surfactant at a
concentration greater than or equal to 0.005% (mass/vol-
ume). The composition can have a pH of about 8.45 to 8.85.
The organic 1ron-chelating reagent can have a first aflinity
constant greater than or equal to 10*~ with respect to ferric
iron and a second affinity constant less than 10°® with
respect to magnesium, wherein the first athinity constant and
the second aflinity constant are determined in deionized
water at pH 8.45 and 20° C.

In any of the above embodiments, the organic 1ron-
chelating reagent can comprise a plurality of carboxylate
groups. In any of the above embodiments, the composition
turther can comprise 2-hydroxypropane-1,2,3-tricarboxy-
late. In any of the above embodiments, the organic 1ron-
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chelating reagent can comprise EGTA, wherein a molar ratio
of the ferric iron to the EGTA 1s about 0.04 to about 0.28. In

any ol the above embodiments, the composition further can
comprise polyvinylpyrrolidone.

In a second aspect, the present disclosure provides a
nucleic acid amplification method, said method comprising
a) contacting a composition comprising an organic 1ron-
chelating reagent; ferric iron, polyvinylpyrrolidone, and a
non-ionic surfactant with a target sample to form an aqueous
mixture, wherein the aqueous mixture has a pH of about 8.45
to 8.85, wherein the non-1onic surfactant 1s present in the
composition at a concentration greater than or equal to
0.005% (mass/volume); b) subjecting the aqueous mixture
of step a) to thermal lysis; and c¢) subsequent to step b),
subjecting the aqueous mixture to 1sothermal nucleic acid
amplification. The organic 1ron-chelating reagent has a first
affinity constant greater than or equal to 10** with respect to
ferric iron and a second affinity constant less than 10°-° with
respect to magnesium, wherein the first athinity constant and
the second aflinity constant are determined in deionized
water at pH 8.45 and 20° C.

In an embodiment, the present disclosure provides an
1sothermal amplification method, said method comprising a)
contacting a composition comprising an organic iron-chelat-
ing reagent; ferric iron, polyvinylpyrrolidone, and a non-
ionic surfactant with a target sample to form an aqueous
mixture, wherein the aqueous mixture has a pH of about 8.45
to 8.85, wherein the non-ionic surfactant 1s present 1n the
composition at a concentration greater than or equal to
0.003% (mass/volume); b) subjecting the mixture of step a)
to thermal lysis; and ¢) subsequent to step b), subjecting the
mixture to 1sothermal nucleic acid amplification. The
organic 1ron-chelating reagent has a first athnity constant
greater than 10™* with respect to ferric iron and a second
affinity constant less than 10°-® with respect to magnesium,
wherein the first aflinity constant and the second aflinity
constant are determined in deionized water at pH 8.45 and
20°.

In a third aspect, the present disclosure provides a kit
comprising ferric 1ron, an organic iron-chelating reagent,
and a non-ionic surfactant. The organic iron-chelating
reagent has a first affinity constant greater than 10** with
respect to ferric 1ron and a second athinity constant less than
10°-® with respect to magnesmm wherein the first aflinity
constant and the second athnity constant are determined 1n
deionized water at pH 8.45 and 20°.

In any embodiment of the kit, the organic iron-chelating
reagent can comprise a plurality of carboxylate groups. In
any of the above embodiments, the kit further can comprise
2-hydroxypropane-1,2,3-tricarboxylate. In any of the above
embodiments of the kit, the organic ron-chelating reagent
can comprise ethylene glycol tetraacetic acid, wherein a
molar ratio of the ferric iron to the ethylene glycol tetraacetic
acid 1s about 0.04 to about 0.28. In any of the above
embodiments, the kit further can comprise a component
selected from the group consisting of polyvinylpyrrolidone,
a fluorosurfactant, an indicator dye, a preservative, a bull-
ering agent, and an enhancer of LAMP-BART reaction and
combinations thereof.

The foregoing has outlined some pertinent objects of the
disclosure. These objects should be construed to be merely
illustrative of some of the more prominent features and
applications of the intended disclosure. The disclosure
includes other features and advantages which will be
described or will become apparent from the following more
detailed description of the embodiment.
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The above summary of the present invention i1s not
intended to describe each disclosed embodiment or every
implementation of the present invention. The description
that follows more particularly exemplifies illustrative
embodiments. In several places throughout the application,
guidance 1s provided through lists of examples, which
examples can be used in various combinations. In each
instance, the recited list serves only as a representative group
and should not be interpreted as an exclusive list.

Additional details of these and other embodiments are set
forth 1n the accompanying drawings and the description
below. Other features, objects and advantages will become
apparent from the description and drawings, and from the
claims.

BRIEF DESCRIPTION OF DRAWINGS

The foregoing summary, as well as the following detailed
description of the disclosure will be better understood when
read in conjunction with the appended drawings. For the
purpose ol assisting i1n the explanation of the disclosure,
there are shown in the drawings embodiments which are
presently preferred and considered illustrative. It should be
understood, however, that the disclosure 1s not limited to the
precise arrangements and instrumentalities shown therein. In

the drawings:

FIG. 1 shows a graphical representation of the eflect of
ferric ammonium citrate (FAC) in the LAMP-BART reac-
tion with a sample containing protein.

FIG. 2 shows a boxplot of Time to Peak (TTP) showing
the eflect of FAC in the LAMP-BART reaction with a
sample containing esculin or 6,7,-dihydroxycoumarin.

FIG. 3 shows a boxplot of MC TTP showing the effect of
surfactant vis a vis FAC 1n the LAMP-BART reaction.

DETAILED DESCRIPTION

Before any embodiments of the present disclosure are
explained 1n detail, it 1s to be understood that the imnvention
1s not limited i 1ts application to the details of construction
and the arrangement of components set forth 1n the follow-
ing description or illustrated 1n the following drawings. The
invention 1s capable of other embodiments and of being
practiced or of being carried out in various ways. Also, 1t 1s
to be understood that the phraseology and terminology used
herein 1s for the purpose of description and should not be
regarded as limiting. The use of “including,” “comprising,”
or “having” and variations thereol herein 1s meant to encom-
pass the items listed thereafter and equivalents thereof as
well as additional items. It 1s to be understood that other
embodiments may be utilized and structural or logical
changes may be made without departing from the scope of
the present disclosure. The present disclosure will now be
described more fully herein after. For the purposes of the
tollowing detailed description, 1t 1s to be understood that the
disclosure may assume various alternative variations and
step sequences, except where expressly specified to the
contrary. Thus, before describing the present disclosure 1n
detail, 1t 1s to be understood that this disclosure 1s not limited
to particularly exemplified systems or embodiments that
may of course, vary. The use of examples anywhere 1n this
specification including examples of any terms discussed
herein 1s 1llustrative only, and 1n no way limits the scope and
meaning ol the disclosure or of any exemplified term.
[ikewise, the disclosure i1s not limited to various embodi-
ments given 1n this specification.
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As used herein, the singular forms “a,” “an,” and “the”
include plural reference unless the context clearly dictates
otherwise. The term “and/or” means one or all of the listed
clements or a combination of any two or more of the listed
clements.

When the term “about” 1s used 1n describing a value or an
endpoint of a range, the disclosure should be understood to
include both the specific value and end-point referred to.

As used herein the terms “comprises”, “comprising’,
“includes”, “including”, “containing’, “characterized by”,
“having” or any other vanation thereof, are intended to
cover a non-exclusive inclusion.

As used herein, the phrase “nucleic acid,” and “nucleic
acid sequence,” are interchangeable and not intended to be

limiting. “Nucleic acid” shall have the meaning known 1n
the art and refers to DNA (e.g., genomic DNA, cDNA, or

plasmid DNA), RNA (e.g., mRNA, tRNA, or rRNA), and
PNA. It may be mm a wide vaniety of forms, including,
without limitation, double-stranded or single-stranded con-
figurations, circular form, plasmids, relatively short oligo-
nucleotides, peptide nucleic acids also called PNA’s and the
like. The nucleic acid may be genomic DNA, which can
include an entire chromosome or a portion of a chromosome.
The DNA may include coding (e.g., for coding mRINA,
tRNA, and/or rRNA) and/or noncoding sequences (e.g.,
centromeres, telomeres, intergenic regions, mtrons, transpo-
sons, and/or microsatellite sequences). The nucleic acid may
include any of the naturally occurring nucleotides as well as
artificial or chemically modified nucleotides, mutated
nucleotides, etc. The nucleic acid can include a non-nucleic
acid component, e.g., peptides (as n PNA’s), labels (radio-
active 1sotopes or fluorescent markers), and the like.

As used herein, “amplifying” and “amplification™ refers
to a broad range of techniques for increasing polynucleotide
sequences, either linearly or exponentially. Exemplary
amplification techniques include, but are not limited to,
polymerase chain reaction (PCR) or any other method
employing a primer extension step. Other non-limiting
examples of amplification include, but are not limited to,
ligase detection reaction (LDR) and ligase chain reaction
(LCR). Amplification methods may comprise thermal-cy-
cling or may be performed isothermally such as Loop
mediated 1sothermal amplification (LAMP-BART). In vari-
ous embodiments, the term “amplification product” or
“amplified product” includes products from any number of
cycles of amplification reactions.

As used herein, the “polymerase chain reaction” or PCR
1s an amplification of nucleic acid consisting of an 1nitial
denaturation step which separates the strands of a double
stranded nucleic acid sample, followed by repetition of (1) an
annealing step, which allows amplification primers to anneal
specifically to positions flanking a target sequence; (11) an
extension step which extends the primers mn a 5' to 3
direction thereby forming an amplicon polynucleotide
complementary to the target sequence, and (111) a denatur-
ation step which causes the separation of the amplicon from
the target sequence. Each of the above steps may be con-
ducted at a different temperature, preferably using an auto-
mated thermocycler.

As used herein, “1sothermally amplified” or “1sothermal
amplification” and like terms refers to a method of ampli-
tying nucleic acid that 1s conducted at a constant tempera-
ture 1n contrast to amplifications that require cycling
between high and low temperatures unlike traditional PCR
reactions. This requires that the DNA polymerase 1s a DNA
polymerase having strand displacement activity. Isothermal
amplifications are often conducted at substantially a single




US 10,604,787 B2

S

temperature because primers bind to displaced DNA strands.
In 1sothermal amplifications the reaction mixture comprising
the nucleic acid sample and optionally all primers may be
heated to a denaturation temperature at which double-
stranded nucleic acid in the reaction mixture denatures nto
single strands (e.g., at least 85° C. to 90° C.) prior to the
amplification and optionally prior to addition of the DNA
polymerase when the DNA polymerase 1s mnactivated at the
denaturation temperature.

As used herein, the terms “intended target”, “target
nucleic acid region,” “target specific nucleic acid,” “target
region,” “target signature sequence” “target nucleic acid(s)”,
“target nucleic acid sequences,” “‘target” or “target poly-
nucleotide sequence™ refers to a nucleic acid of interest.

As used herein, “detecting” or “detection” refers to the
disclosure or revelation of the presence or absence 1 a
sample of a target polynucleotide sequence or amplified
target polynucleotide sequence product. The detecting can
be by end point, real-time, enzymatic, and by resolving the
amplification product on a gel and determining whether the
expected amplification product 1s present, or other methods
known to one of skill in the art.

As used heremn the term “sample” refers to a starting
material suspected of containing a nucleic acid. Detecting,
the nucleic acid 1n the sample enables one to detect the
presence ol a microorganism. Examples of samples include,
but are not limited to, food samples (including but not
limited to samples from food intended for human or animal
consumption such as processed foods, raw food matenal,
produce (e.g., fruit and vegetables), legumes, meats (from
livestock amimals and/or game animals), fish, sea food, nuts,
beverages, drinks, fermentation broths, and/or a selectively
enriched food matrix comprising any of the above listed
foods), water samples, environmental samples (e.g., soil
samples, dirt samples, garbage samples, sewage samples,
industrial effluent samples, air samples, or water samples
from a variety of water bodies such as lakes, rivers, ponds
etc.), arr samples (from the environment or from a room or
a building), clinical samples, samples obtained from humans
suspected of having a disease or condition, veterinary
samples, forensic samples, agricultural samples, pharmaceu-
tical samples, biopharmaceutical samples, samples from
food processing and manufacturing surfaces, and/or biologi-
cal samples. Examples for nonfood samples as per the
present disclosure may be culture broths. “Culture broth™ as
used herein refers to a liquid medium for culturing the
microorganism.

As used herein, an “inlibitor” means any compound,
substance, or composition, or combination thereof, that acts
to decrease the activity, precision, or accuracy of an assay,
either directly or indirectly, with respect to the activity,
precision, or accuracy ol the assay when the inhibitor 1s
absent. An inhibitor can be a molecule, an atom, or a
combination of molecules or atoms without limitation.

In accordance to one aspect of the present disclosure, the
term “inlubitors” as used herein refers to inhibitors of
enzymes used 1n amplification reactions, for example.
Examples of such inhibitors typically include but not limited
to proteins, peptides, lipids, carbohydrates, heme and its
degradation products, urea, bile acids, humic acids, poly-
saccharides, cell membranes, and cytosolic components.
The major inhibitors 1n human blood for PCR are hemoglo-
bin, lactoferrin, and IgG, which are present 1n erythrocytes,
leukocytes, and plasma, respectively. Examples of inhibitors
also include 1ron 10ons or salts thereot, other metal salts such
as alkali metal 10ns, transition metal 1ons etc., and indicator
dyes present in growth medium.
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In an embodiment of the present disclosure, esculin which
1s an indicator dye may act as mnhibitor. Esculin 1s a
coumarin glucoside (6-(beta-D-glucopyranosyloxy)-7-hy-
droxy-2H-1-benzopyran-2-one, CAS No. 531-75-9)
obtained from Aesculus hippocastanum (the horsechestnut)
and 1s characterized by its fine blue fluorescent solutions.
Esculin 1s generally added to bacterial culture broths as an
indicator; for e.g., 1n Listeria culture. The esculin reaction 1n
demi-Fraser (DF), UVM, and Fraser broth base, (which a
Listeria-selective enrichment broth bases), 1s highlighted as
a highly likely contributor to assay inhibition. In this reac-
tion esculin

OH

HO
HO

XX

OH

72N

HO O O

1s hydrolyzed by specific bacteria to 6,7 dihydroxycoumarin
(aesculetin) and glucose. The aesculetin:

HO\‘/'\ N
e \/\O o

then complexes with ferric 1ons to form a black complex.
Aesculetin 1s in the coumarin family of drugs and coumarins
are known to modity the activity of DNA acting enzymes.

As used herein, the meaning of “surfactant” 1s the broad-
est defimition that 1s readily recognized by a person of
ordinary skill in the art. That 1s, surfactants are wetting
agents that lower the surface tension of a liquid and/or lower
the interfacial tension between two liquids. A surfactant that
does not have a positive or negative charge in water, yet 1s
soluble 1n water, 1s a “non-ionic surfactant™.

As used herein, “nonionic surfactant” refers to a surfac-
tant molecule whose polar group 1s not electrically charged.
Combinations of two or more non-ionic surfactants are
encompassed within the term “non-ionic surfactant”. In
certain embodiments, one or more surfactants may be used.

As used herein, polyvinylpyrrolidone (PVP) 1s a water-
soluble polymer made from the monomer N-vinylpyrroli-
done. Polyvinylpolypyrrolidone (PVPP) 1s a highly cross-
linked modification of PVP. As described herein,
polyvinylpyrrolidone, or a modification thereof, can be
included 1n an amplification reaction mixture so as to reduce
or eliminate mnhibitory substances. A modified PVP includes,
but 1s not limited to polyvinylpolypyrrolidone (PVPP),
which 1s an insoluble highly cross-linked modification of
PVP. It will be understood that disclosure herein related to
PVP can be adapted to PVPP.

In an embodiment, the composition may comprises a
non-ionic polymeric fluorochemical surfactant which
belongs to a class of coating additives which provide low
surface tensions and exhibits good thermal stability when
used 1n thermal processing applications. A non-ionic poly-
meric fluorochemical surfactant as per certain embodiments

of the present disclosure may be FC-4430 which 1s 3M™
Novec™ fluorosurfactant.
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As used herein the terms “ethylene glycol tetraacetic
acid” and “EGTA” refer to ethylene glycol-bis(2-aminoethy-
lether)-N,N,N'.N'-tetraacetic acid, a chelating agent. EGTA
1s a colorless solid which has lower athnity for magnesium,
making it more selective for calcium ions. EGTA 1s usetul
for making bufler solutions to chelate calcium 10ns when
calcium 1ons are less concentrated than magnesium, as
found 1 living cells. EGTA 1s also useful 1n enzyme assays.

As used herein the term “cell lysis™ refers to a process of
releasing materials 1n a cell by disrupting the cell membrane,
and 1n particular, a process of extracting intracellular mate-
rials from a cell to 1solate DNA or RNA before amplifica-
tion, such as PCR, LAMP BART methods and likewise.

According to an embodiment of the present disclosure,
cell lysis may be done by thermal methods. The thermal
method may be properly selected by those skilled 1n the art
according to the form of cell sample and characteristics of
reaction vessel.

As used herein, the term “microorganism’™ or “microbe”
refers to any microscopic organism, which may be a single
cell or multicellular organism. The term 1s generally used to
refer to any prokaryotic or eukaryotic microscopic organism
capable of growing and reproducing in a suitable culture
medium, including without limitation, one or more of bac-
teria. Microorganisms encompassed by the scope of the
present invention includes prokaryotes, namely the bacteria
and archaea; and various forms of eukaryotes, comprising
the protozoa, fungi, algae and the like. As used herein, the
term “culture” or “growth” of microorganisms refers to the
method of multiplying microbial orgamisms by letting them
reproduce 1n predetermined culture media under conditions
conducive for their growth. More particularly 1t 1s the
method of providing a suitable culture medium and condi-
tions to facilitate at least one cell division of a microorgan-
ism. Culture media may be solid, semisolid or liquid media
contaiming all of the nutrients and necessary physical growth
parameters necessary for microbial growth.ae etc. and also
includes viruses. The term “target microorgamsm” refers
any microorganism that 1s desired to be detected.

As used herein, the term “enrichment” refers to the culture
method of selectively enriching the growth of a specific
microorganism by providing medium and conditions with
specific and known attributes that favors the growth of that
particular microorgamism. The enrichment culture’s envi-
ronment will support the growth of a selected microorgan-
1sm, while mnhibiting the growth of others.

The use of conventional DNA-based methods 1s to some
extent restricted by the presence of inhibitors. The occur-
rence of such so called inhibitors, which comprises all
substances that have a negative eflect on the nucleic acid
proliferation reactions, 1s one of the drawbacks of genetic
testing. These inhibitors can originate from the sample itself
or may be introduced during sample processing or nucleic
acid extraction. The consequence of a partly or total inhi-
bition of the nucleic acid proliferation reactions 1s a
decreased sensitivity or false-negative results, respectively.

Despite the availability of numerous genetic based meth-
ods, there 1s no single rapid, sensitive, inexpensive and less
laborious method to efliciently and rapidly reduce or elimi-
nate the inhibition of the nucleic acid amplification of the
intended target. To quickly determine the presence of patho-
gen 1n targeted sample, there 1s a need to develop a reliable
and accurate assay method which can cater to the increasing
need of finding faster, accurate and less time consuming and
less laborious assay techniques.

In competitive PCR systems a challenge to ease of use 1s
the mclusion of a protease step. This protease step 1s used for
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reducing sample inhibition by digesting food protein (espe-
cially red meats) as well as lysing cells. Surprisingly, it has
been found that a composition and a method as per the
present disclosure eliminates the need for proteasing a
sample by using ferric ammonium citrate to neutralize
inhibitory proteins. Advantageously the present disclosure
climinates the step of 1solation/purification which makes the
current assay method faster and simpler.

The present disclosure describes the composition and
method of nucleic acid amplification which eliminates the
need to protease or otherwise reduces background protein
from the sample. This 1n turn also leads to the elimination of
one of the assay steps of the conventional nucleic acid
amplification methods.

The present disclosure generally relates to novel compo-
sitions (€.g., aqueous compositions) and methods for nucleic
acid proliferation of a sample which comprises a cell lysis
step and nucleic acid amplification step without an 1solation/
purification step such as chromatography, centrifugation and
likewise 1n between.

A composition of the present disclosure 1s typically used
as an aqueous solution comprising the respective chemaical
components. Thus, 1n any embodiment, a composition of the
present disclosure comprises water. Alternatively, a compo-
sition of the present disclosure can be mixed with an
aqueous liquid (e.g., water or a sample containing water) to
form a mixture to be used according to the present disclo-
sure. A predetermined volume of the aqueous composition
can be mixed with a predetermined amount (e.g., volume) of
a sample to form a mixture that 1s treated (e.g., by heating)
to lyse any microorganisms, 1 present, in the sample. A
portion of the resulting lysate can be used in a nucleic
amplification process to detect nucleic acid sequences that
indicate a presence of one or more target microorganisms 1n
the original sample.

Typically, the sample (e.g., ground beel, a carcass rinse,
process water, residue from an environmental (e.g., food-
processing equipment) swab or sponge) 1s suspended 1n an
aqueous liquid (e.g., water or a bufler). Thus, a first prede-
termined volume of the aqueous sample 1s mixed with the
composition or with a second predetermined volume of an
aqueous solution comprising the composition of the present
disclosure to form the mixture that 1s subjected to a lysis
treatment. Accordingly, each component of the composition
of the present disclosure 1s present 1in the aqueous compo-
sition at a concentration that takes into account the dilution
that occurs when the sample 1s mixed with the composition.

According to the present disclosure, the ratio of the first
predetermined volume to the volume of the mixture formed
by mixing the first and second predetermined volumes 1s less
than or equal to 1:10. In any embodiment, the ratio of the
first predetermined volume to the volume of the mixture
formed by mixing the first and second predetermined vol-
umes 1s about 1:10 to about 1:300. In any embodiment, the
ratio of the first predetermined volume to the volume of the
mixture formed by mixing the first and second predeter-
mined volumes 1s about 1:10, about 1:20, about 1:25, about
1:30, about 1:40, about 1:50, about 1:100, about 1:200,
about 1:250, or about 1:300.

Accordingly, the present disclosure provides a composi-
tion (e.g., an aqueous liquid composition) comprising an
organic 1ron-chelating reagent, ferric 1ron, and a non-1onic
surfactant at a pH of about 8.45-8.85. The composition can
be used 1n nucleic acid amplification methods to eliminate
sample 1nhibition of the nucleic acid amplification reaction.
Optionally, the composition can comprise polyvinylpyrroli-
done.
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In any embodiment, a suitable pH for the composition 1s
at least 8.45. In any embodiment the pH may be within the
range of 8.45 to 8.85. In certain embodiments, a pH of 8.65
to 8.75 may be used. In other embodiments, a pH o1 8.735, to
8.85 may be used.

The organic iron-chelating reagent has a predefined aflin-
ity constant for ferric (Fe*?) iron ions. In deionized water at
pH 8.45 and 20° C., the organic ron-chelating reagent has
an affinity constant greater than or equal to 10™* with respect
to ferric iron 10ns. The organic iron-chelating reagent also
has a predefined affinity constant for magnesium (Mg*>)
ions. In deionized water at pH 8.45 and 20° C., the organic
iron-chelating reagent has an affinity constant less than 10°%
with respect to magnesium 1ons. Thus, in the aqueous
composition of the present disclosure at pH 8.45, the organic
iron-chelating reagent has a higher athinity for ferric iron
ions than for magnesium ions.

Suitable organic iron-chelating reagents include organic

molecules. In any embodiment, the organic 1ron-chelating
reagent 1s water-soluble. In any embodiment, the organic
iron-chelating reagent comprises a plurality of carboxylate
groups. Non-limiting examples of suitable organic iron-
chelating reagents include ethylene glycol-bis(2-aminoethy-
lether)-N,N,N'.N'-tetraacetic acid (EGTA); N,N,N'N'-tetra-
kis(2-pyridylmethyl)ethane-1,2-diamine (TPEN); 1,2-bis(o-
aminophenoxy )ethane-N,N,N'N'-tetraacetic acid (BAPTA);
N-(2-hydroxyethyl) ethylenediamine-N,N',N'-triacetic acid
(HEDTA); and salts thereof.
In any embodiment, the composition further comprises
ferric 1ron. Accordingly, an aqueous composition ol the
present disclosure may comprise ferric iron ions. In any
embodiment, the ferric 1ron can be provided 1n the compo-
sition by ferric ammomum citrate.

In any embodiment, ferric iron can be present 1 an
aqueous liquid composition according to the present disclo-
sure at a concentration of ferric 1ons (1.e., dissolved ferric
iron) ol about 55 uM-385 uM. In certain embodiments the
concentration of ferric 1ons may be at least 110 uM, 1n
certain other embodiments 1t may be at least 165 uM. In
other embodiments the concentration of ferric 1ons may be
at least 220 uM and 1n other embodiments 1t may be at least
275 uM or at least 330 uM. According to the present
disclosure, 1n an aqueous wherein the organic iron-chelating
reagent comprises EGTA, the composition has a molar ratio
of dissolved ferric iron/EGTA of about 0.04 to about 0.28. In
certain preferred embodiments, the aqueous composition has
a molar ratio of dissolved ferric rron/EGTA of about 0.14 to
about 0.18.

In any embodiment of a liquid (e.g., an aqueous liquid)
composition according to the present disclosure, ferric iron
(provided as ferric ammonium citrate) 1s present to yield
(when the composition 1s mixed with a sample) a concen-
tration of ferric 1ons of about 50 uM-330 uM. In certain
embodiments the concentration of ferric 1ons may be at least
100 uM, 1n certain other embodiments 1t may be at least 150
uM. In other embodiments the concentration of ferric 1ons
may be at least 200 uM, and 1n other embodiments 1t may be
at least 250 uM or at least 300 uM. According to the present
disclosure, 1n an aqueous wherein the organic 1ron-chelating
reagent comprises EGTA, the composition has a molar ratio
of Feo*/EGTA of about 0.04 to about 0.28. In certain

preferred embodiments, the composition has a molar ratio of
Fe’*/EGTA of about 0.14 to about 0.18.

In an embodiment, the composition of present disclosure
comprises at least one non-1onic surfactant. Accordingly, the
composition may comprise one or more of any non-10nic
surfactant. Preferably, the non-ionic surfactant has a Hydro-

10

15

20

25

30

35

40

45

50

55

60

65

10

philic-lipophilic balance of about 11 to about 16. Surfactants
with a Hydrophilic-lipophilic balance 1n this range permait
suflicient activity of the DNA polymerases in PCR and
LAMP nucleic acid amplification reactions as well as permit
suilicient luciferase and ATP sulphurlyase activity in the
BART reporter technology Examples of suitable non-1onic
surfactants include, but are not limited to TRITON™ gseries
of detergents, including, but not necessarily limited to,
TRITON X-100 (t-octylphenoxypolyethoxyethanol) and 1ts
derivatives, TRITON X-114, TRITON X-405, TRITON
X-101, TRITON N-42, TRITON N-37, TRITON N-60,
TRITON X-15, TRITON X-35, TRITON X-45, TRITON
X-102, TRITON X-155, TRITON X-165, TRITON X-207,
TRITON X-305, TRITON X-705-70 and TRITON B-1956;

sorbitan fatty acid ester, Polyoxyethylene (POE)sorbitan
fatty acid ester (e.g., Tween), POE alkyl ether (e.g., Bry),
nonylphenol, lauryl alcohol, polyethylene glycol, polyoxy-
cthylene.polyoxypropylene block polymer, POE alkyl
amine, and POE {fatty acid bisphenyl ether and fluorosur-
factants such as 3M Novec™ engineered liquid surfactants
FC-4430 and FC4432, and Dow chemical FS series fluoro-
surfactants, for example.

In any embodiment of a liquid (e.g., an aqueous liquid)
composition according to the present disclosure, the con-
centration of such a surfactant in the composition 1s not
particularly limited, as long as the beneficial eflects of the
present invention (1.e., with respect to facilitation of nucleic
acid amplification) can be achieved. In any embodiment, a
composition of the present disclosure comprises about
0.003% (w/v) to about 0.3% (w/v) surfactant. Accordingly,
in any embodiment, a composition of the present disclosure
comprises up to about 0.3% (w/v) surfactant. In certain
embodiments the concentration of surfactant may be at least
0.01% (w/v) and 1n certain other embodiments 1t may be at
least 0.025% (w/v) and 1n another embodiment it 1s 0.032%
(W/v).

Optionally, 1n any embodiment of the present disclosure,
polyvinylpyrrolidone (PVP) with a nominal molecular
weight of 30 KDa to 1.3 MDa may be used. In one aspect
of the disclosure, PVP has a nominal molecular weight 1s
360 KDa.

In an embodiment of the present disclosure, polyvinylpyr-
rolidone may be included 1n the composition when low
amounts of the surfactant 1s used. In an embodiment of a
liquid (e.g., an aqueous liquid) composition according to the
present disclosure, the composition (before adding the
sample) may comprise 0% w/v up to about 0.0473% w/v
PVP. When the nonionic surfactant 1s present in the com-
position at a concentration of 0.0055% to 0.011% w/v, the
composition may comprise about 0.011% w/v to about
0.0473% w/v PVP. Each of the above concentrations apply
also to a modified PVP.

In any embodiment of the present disclosure, polyvi-
nylpyrrolidone may be included i the composition when
low amounts of the surfactant i1s used. In an embodiment of
a liquid (e.g., an aqueous liquid) composition according to
the present disclosure, the composition (after adding the
sample) may comprise 0% w/v up to about 0.043% w/v PVP.
When the nonionic surfactant 1s present in the composition
at a concentration of 0.005% to 0.01% w/v, the composition
may comprise about 0.01% w/v to about 0.043% w/v PVP.
Each of the above concentrations apply also to a modified
PVP.

In certain embodiments of the disclosure (e.g., when the
nonionic surfactant concentration 1s >0.01% w/v), polyvi-
nylpyrrolidone may not be included 1n the composition.
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In any embodiment of the present disclosure, the organic
iron-chelating reagent comprises EGTA. In any embodi-
ment, the organic 1iron-chelating reagent can be provided to
the composition in the form of a salt. In certain embodi-
ments, the composition may include, for example, a sodium 53
salt of EGTA. In another embodiment of the present disclo-
sure, the composition may include, for example, a potassium
salt of EGTA.

A composition according to the present disclosure may
comprise Fe’* (e.g., provided via ferric ammonium citrate) 10
and ethylene glycol tetraacetic acid (e.g., provided via a salt
(¢.g., a monovalent cation salt) of ethylene glycol tetraacetic
acid). Thus, 1n the composition, there can exist a molar ratio
of ethylene glycol tetraacetic acid and Fe**. In any embodi-
ment, the molar ratio of ethylene glycol tetraacetic acid to 15
F>* is about 0.04 to about 0.28.

In any embodiment of a liquid (e.g., an aqueous liquid)
composition according to the present disclosure, the EGTA
may be present at a concentration of 0.5 mM to S mM. In any
embodiment, the molar ratio of metal 1on to EGTA 1s at least 20
0.6.

According to one embodiment of the present disclosure,

a sample may be tested directly, or may be prepared or
processed 1n some manner prior to testing. For example, a
sample may be processed to enrich any contaminating 25
microbe and may be further processed to separate and/or
lyse microbial cells/viral cells/fungal cells contained therein.
Lysed microbial cells from a sample may be additionally
processed or prepares to separate and/or extract genetic
material from the microbe for analysis to detect and/or 30
identify the contaminating microbe. Some embodiments
refer to “a nucleic acid 1 a sample” or a “sample derived
nucleic acid” and refer to a nucleic acid comprised in a
sample or obtained from a sample. Such nucleic acids can be
tested by methods and using compositions described herein. 35

In certain embodiments of the present disclosure, a
sample may be subjected to separation to initially separate
microbes of interest from other microbes and other sample
components. For example, for complex food samples with
complex components separation methods can be used to 40
separate microorganisms from food. Separated microbes
from samples may also be enriched prior to analysis. Analy-
s1s of a sample may include one or more molecular methods.
For example, according to some exemplary embodiments of
the present disclosure, a sample may be subject to nucleic 45
acid amplification (for example by LAMP-BART) using
appropriate oligonucleotide primers that are specific to one
or more microbe nucleic acid sequences that the sample 1s
suspected of being contaminated with. Amplification prod-
ucts may then be further subject to testing with specific 50
probes (or reporter probes) to allow detection of microbial
nucleic acid sequences that have been amplified from the
sample. In some embodiments, 11 a microbial nucleic acid
sequence 1s amplified from a sample, further analysis may be
performed on the amplification product to further identity, 55
quantify and analyze the detected microbe (determine
parameters such as but not limited to the microbial strain,
pathogenicity, quantity etc.).

The present disclosure 1s generally provides a nucleic acid
amplification method, said method comprising a) contacting 60
any composition (e.g., aqueous composition) according to
the present disclosure with a target sample to form an
aqueous mixture wherein the mixture has a pH of about 8.45
to 8.85; b) subjecting the aqueous mixture of step a) to
thermal lysis; and ¢) subsequent to step b), subjecting a 65
portion of the aqueous mixture to 1sothermal nucleic acid
amplification.
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In any embodiment of the present disclosure, a nucleic
acid amplification method, comprises a) contacting any
composition (e.g., aqueous composition) according to the
present disclosure with a target sample to form an aqueous
mixture wherein the aqueous mixture has a pH of about 8.45
to 8.85; b) subjecting the aqueous mixture of step a) to
thermal lysis; and c¢) subsequent to step b), subjecting the
aqueous mixture to 1sothermal nucleic acid amplification,
wherein said method eliminates the inhibition of nucleic
acid amplification caused by interfering components present
in the sample.

The present disclosure 1s generally provides a nucleic acid
amplification method, said method comprising a) contacting
any composition (e.g., aqueous composition) according to
the present disclosure with a sample to form an aqueous
mixture; wherein the aqueous mixture has a pH of about
8.45 to 8.85; b) subjecting the aqueous mixture of step a) to
thermal lysis; and ¢) subsequent to step b), subjecting a
portion of the aqueous mixture to 1sothermal nucleic acid
amplification.

The amplification methods used 1n a method according to
the present disclosure may be performed 1sothermally. Iso-
thermal techmiques include but not limited loop-mediated
isothermal amplification (LAMP), strand displacement
amplification (SDA), nucleic acid sequence-based amplifi-
cation (NASBA). The reaction proceeds at a constant tem-
perature using strand displacement reactions. Amplification
can be completed 1n a single step, by incubating the mixture
of samples, primers, DNA polymerase with strand displace-
ment activity, and substrates at a constant temperature. In
addition to steps or reactions that increase the number of
copies ol a target nucleic acid sequence, the amplification
methods further may include steps or reactions to detect the
amplified target nucleic acid sequence. Such detection steps
or reactions are well known to a person having ordinary skill
in the art and include, for example, bioluminescent real-time
reporter (BART) steps or reactions.

In an embodiment of the present disclosure, the 1sother-
mal amplification reaction 1s a Loop-mediated isothermal
amplification (LAMP-BART) method. LAMP can amplity
DNA with high specificity, efliciency and rapidity under
isothermal condition. The LAMP method requires a Bst
DNA polymerase and set of four to six specific designed
primers that recognize a total of si1x distinct sequences of the
target DNA and with strand displacement activity. In Loop-
mediated 1sothermal amplification (LAMP), target-specific
ampllﬁcatlon 1s achueved by the use of 4 to 6 different
primers specifically designed to recogmize 6 to 8 distinct
regions on the target gene, respectively. Such methods
typically amplify nucleic acid copies 10°-10'° times in
15-60 minutes. In addition, the presence of, for example,
ATP-sulfurylase, adenosine-5'-O-persulfate, luciferin, and
luciferase 1n the amplification reaction permits detection of
a LAMP-mediated amplification reaction via biolumines-
cence (1.e., the BART reaction).

In addition to the primers, LAMP-BART techniques use
Tris, sulfate compounds (such as MgSO,, NH,SO,) and
potassium chloride to maintain enzyme functionality. Thus,
such compounds are act as enhancers to facilitate the
LAMP-BART coupled reaction. Tris 1s an organic com-
pound (more formally known as tris (hydroxymethyl) amin-
omethane, with the formula (HOCH,),CNH,). Strand dis-
placement technmiques, such as LAMP, use Ir1s as a bufler,
which maintain the reaction at the optimal pH.

Compositions (€.g., aqueous compositions) of the present
disclosure optionally can comprise an indicator dye to
monitor the approximate temperature of an aqueous solution
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comprising the composition. Advantageously, the indicator
dye can provide a first visual indication (e.g., a {irst observ-
able color) to indicate that an aqueous mixture comprising
the composition has reached a temperature (e.g., about 100°
C.) approximately 1n a range that 1s suitable for thermal lysis
of microbial cells 1n contact with the composition In addi-
tion, the indicator dye can provide a second visual indication
(e.g., a second color) to indicate that the aqueous mixture
comprising the composition has cooled to a temperature
(e.g., =% C.) that 1s suitable to remove a portion of the
mixture and place 1t into a nucleic acid amplification reac-
tion. Certain pH indicators (e.g., those having a transition
range that at least partially extends between a pH of about
8.8 and about 7.2) can be readily monitored as the pH of the
aqueous mixture changes during heating and cooling steps.

Suitable visible dyes include, for example, Cresol Red,
which has a reddish-purple color when pH 1s higher than 8.8
and a yellow color when pH 1s less than 7.2

In any of the embodiments of the present disclosure, the
indicator dye may be cresol red.

Using LAMP, the target nucleic acid sequence 1s ampli-
fied at a constant temperature of 60° C. to 65° C. using either
two or three pairs of primers and a polymerase with high
strand displacement activity in addition to a replication
activity. The loop-mediated 1sothermal amplification
(LAMP) reaction 1s a highly specific, sensitive, 1sothermal
nucleic acid amplification reaction. LAMP employs a primer
set of four essential primers, termed forward inner primer
(FIP), backward inner primer (BIP), forward displacement
primer (F3) and backward displacement primer (B3). These
four different primers are used to 1dentily 6 distinct regions
on the target gene, which adds highly to the specificity. Due
to the specific nature of the action of these primers, the
amount ol DNA produced in LAMP 1s considerably higher
than PCR-based amplification. Furthermore, two optional
primers can be included which effectively accelerate the
reaction; these are termed forward loop primer (LF) and
backward loop primer (LB). The imner primers (FIP and
BIP) contain sequences of the sense and antisense strands of
the target DNA, while the displacement primers (F3 and B3)
and the loop primers (LF and LB) each contain a single
target sequence. In total, eight target sequences are recog-
nized when including loop primers (LF and LB) in the
reaction. A DNA polymerase 1s used to amplily the target
sequence of interest. Many different DNA polymerases may
be used including engineered DNA polymerases not found
in nature, the most common being the Bst DNA polymerase
while the Geobacillus sp. large fragment (GspSSD) DNA
polymerase 1s used less oiten.

The LAMP reaction 1s initiated by DNA synthesis primed
by the inner primers (FIP and BIP). This 1s followed by DNA
synthesis primed by a displacement primer (F3 or B3) which
releases a single-stranded DNA. This single-stranded DNA
serves as template for DNA synthesis primed by the second
inner and displacement primers that hybridize to the other
end of the target. This produces a stem-loop DNA structure.
In subsequent LAMP cycling, one imnner primer hybridizes to
the loop on the product and imitiates displacement DNA
synthesis. This yields the original stem-loop DNA and a new
stem-loop DNA with a stem twice as long. The cycling
reaction continues with accumulation of around 107 copies
of target 1n less than an hour. The inclusion of one or two
loop primers (LF and/or LB) accelerates the LAMP reaction
by hybridizing to the stem-loops, except for the loops that
are hybridized by the mnner primers, and prime strand
displacement DNA synthesis. A variety of LAMP amplifi-
cation detection methods exist. Non-specific target detection
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may be obtained through visual identification of a turbid
sample as magnesium pyrophosphate precipitates 1n a posi-
tive LAMP reaction. For better visibility of a positive
reaction, various agents, such as hydroxy naphthol blue or
calcein, may be added to the reaction. Alternatively, fluo-
rescent detection may be achieved using a DNA 1ntercalat-
ing dye, such as cresol red, SYBR green, Picogreen or
propedium 1odide, which 1s added to the reaction reagent or
added after the completion of the reaction for end point
analysis.

In an embodiment, the present disclosure provides a
method that includes contacting a sample suspended 1n the
composition as per the present disclosure with components
of an 1sothermal nucleic acid amplification reaction for a
target nucleic acid species, thereby providing an amplifica-
tion reaction mixture; incubating the amplification reaction
mixture under conditions suflicient for the 1sothermal
nucleic acid amplification reaction to proceed, thereby pro-
viding a product; and determining whether an indicator of
the target nucleic acid species 1s present in the product.

In another embodiment, the disclosure features a method
that includes performing an 1sothermal reaction of an ampli-
fication reaction mixture to provide a product, the mixture
comprising a lysate which includes the sample mixed with
the composition as per the present disclosure and compo-
nents of a nucleic acid amplification reaction for a target
nucleic acid species; and determining whether an indicator
of the target nucleic acid species 1s present 1n the product.

The components of an 1sothermal amplification reaction
may be provided i a solution and/or i dried (e.g.,
lyophilized) form. When one or more of the components are
provided in dried form, a resuspension or reconstitution
bufler may be also be used. Alternatively, after forming an
aqueous mixture comprising the sample and the composition
of the present disclosure and, after subjecting the aqueous
mixture to a thermal lysis procedure, the aqueous mixture
can be used to reconstitute the components of the 1sothermal
reaction.

Based on the particular type of amplification reaction, the
reaction mixture can contain buflers, salts, nucleotides, and
other components as necessary for the reaction to proceed.
The reaction mixture may be incubated at a specific tem-
perature appropriate to the reaction.

The target nucleic acid maybe a nucleic acid present 1n an
amimal (e.g., human), plant, fungal (e.g., yeast), protozoan,
bactenial, or viral species. For example, the target nucleic
acid may be present 1n the genome of an organism of interest
(e.g., on a chromosome) or on an extra-chromosomal
nucleic acid. In some embodiments, the target nucleic acid
1s an RNA, e.g., an mRNA. In particular embodiments, the
target nucleic acid 1s specific for the organism of interest,
1.€., the target nucleic acid 1s not found 1n other organisms
or not found 1n organisms similar to the organism of interest.

The present disclosure has manifold applications 1n vari-
ous fields that require method of detecting a microorganism
in a sample wherein the composition may be used as a
suspending medium nto which sample 1s held during a
thermal lysis step and composition may be used as the
aqueous medium 1n which a lyophilized pellet of LAMP-
BART nucleic acid amplification reagents are dissolved and
allowed to react.

The present disclosure eflortlessly allows the user to
merely contact the sample with the composition comprising
an organic iron-chelating reagent, ferric wron, and a non-
ionic surfactant, EGTA (or a monovalent salt thereof), and
optionally polyvinylpyrrolidone at a pH of about 8.4 to 8.85
to form an aqueous mixture; subsequently to subject the
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aqueous mixture to a lysis procedure (e.g., a thermal lysis
procedure); and, after cooling the aqueous mixture, to sub-
ject the aqueous mixture to 1sothermal nucleic acid ampli-
fication reaction for detection of microorganisms.

In another embodiment, the present disclosure provides
kits. In general, the kits comprises an organic 1iron-chelating
reagent according to the present disclosure, ferric iron, a
non-ionic surfactant, and optionally polyvinylpyrrolidone.

In an embodiment, the kit comprises an organic 1ron-
chelating reagent, ferric 1ron, and a non-ionic surfactant. The
organic 1ron-chelating reagent has a first athnity constant
greater than or equal to 10** with respect to ferric iron and
a second affinity constant less than 107 with respect to
magnesium, wherein the first atlinity constant and the sec-
ond atlinity constant are determined 1n deionized water at pH
8.45 and 20°.

In any embodiment of the kit, the organic 1iron-chelating
reagent can comprise a plurality of carboxylate groups. In
any ol the above embodiments, the kit further can comprise
2-hydroxypropane-1,2,3-tricarboxylate (citric acid). In any
of the above embodiments of the kit, the organic 1ron-
chelating reagent can comprise EGTA, wherein a molar ratio
of the ferric iron to the EGTA 1s about 0.04 to about 0.28.

In another embodiment, a kit may further comprise a
component selected from the group consisting of fluorosur-
factant, indicator dye, preservative, bullering agents and
enhancers of LAMP-BART reaction and combinations
thereot. In any embodiment of the kit, any one or more of the
foregoing components may be present in the kit in the
composition. The kit may comprise at least one primer, such
as two primers, for amplification of a target nucleic acid. It
also may 1nclude at least one other primer for amplification
of a target nucleic acid, which can be, but 1s not necessarily,
the same nucleic acid (and even the same sequence within
the same nucleic acid) that 1s the target for one or more other
primer(s) 1n the kit. In some embodiments, the kits comprise
two or more primers for amplifying one or more unique
genomic sequences.

In another embodiment, the kits comprise the components
(1.e., the composition, the components thereol, the fluoro-
surfactant, the indicator dye, the preservative, the buflering
agent and/or the enhancer of the LAMP-BART reaction) 1n
a single package or 1n more than one package within the
same kit. Where more than one package 1s included within
a kit, each package can independently contain a single
component or multiple components, in any suitable combi-
nation. As used herein, a combination of two or more
packages or containers 1n a single kit 1s referred to as “in
packaged combination™.

In any embodiment of the kit, any one or more of the
organic iron-chelating reagent, the ferric iron, the polyvi-
nylpyrrolidone, the non-ionic surfactant, the tfluorosurfac-
tant, the indicator dye, the preservative, the bullering agent,
or enhancer 1s disposed in an aqueous solution. In any
embodiment, the aqueous solution can have a pH of about
8.45 to 8.83.

The kits and containers within the kits may be fabricated
with any known matenal. For example, the kits themselves
may be made of a plastic material or cardboard. The con-
tainers that hold the components may be, for example, a
plastic material or glass. Diflerent containers within one kit
may be made of diflerent materials. In embodiments, the kit
can contain another kit within 1t.

The kit of the present disclosure may comprise one or
more components usetul for amplitying target sequences. In
embodiments, some or all of the reagents and supplies
necessary for performing LAMP-BART method are
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included 1n the kit. Non-limiting examples of reagents are
buflers (e.g., a buller contaiming Tris, HEPES, and the like),
salts, and a template-dependent nucleic acid extending
enzyme (such as a thermostable enzyme, such as Taq poly-
merase), a bufler suitable for activity of the enzyme, and
additional reagents needed by the enzyme, such as dNTPs,
dUTP, and/or a UDG enzyme. In embodiments, the kit
comprises enhancers such as potassium chloride and ammo-
nium sulfate to facilitate the enzymatic reactions. A non-
limiting example of supplies 1s reaction vessels (e.g.,
microfuge tubes).

The kit has the advantages of high sensitivity, high
specificity, ease ol operation, capability of judging a result
through naked eyes and the like.

Exemplary Embodiments

Embodiment A 1s a composition, said composition com-
prising:

an organic iron-chelating reagent;

ferric 1ron;

a non-ionic surfactant at a concentration greater than or
equal to 0.005% (mass/volume); and
wherein the composition has a pH of about 8.45 to 8.83;
wherein the organic iron-chelating reagent has a first
affinity constant greater than 10** with respect to ferric iron
and a second affinity constant less than 10°® with respect to
magnesium, wherein the first athnity constant and the sec-
ond atlinity constant are determined 1n deionized water at pH
8.45 and 20° C.

Embodiment B 1s the composition of Embodiment A, said
composition further comprising water, wherein the non-
ionic surfactant 1s present in the composition at a concen-
tration greater than or equal to 0.005% (mass/volume).

Embodiment C i1s the composition of Embodiment A or
Embodiment B, wherein the organic iron-chelating reagent
comprises a plurality of carboxylate groups.

Embodiment D 1s the composition of any one of the
preceding Embodiments, wherein the organic 1iron-chelating
reagent 1s water-soluble.

Embodiment E 1s the composition of Embodiment D,
wherein the organic wron-chelating reagent 1s selected from
the group consisting of EGTA; N,N,N',N'-tetrakis(2-pyridyl-
methyl)ethane-1,2-diamine; 1,2-bis(o-aminophenoxy )eth-
ane-N,N,N'",N'-tetraacetic acid; N-(2-Hydroxyethyl)-ethyl-
enediamine-N,N' \N'-triacetic acid; and salts thereof.

Embodiment F 1s the composition of Embodiment E,
wherein the organic 1ron-chelating reagent comprises
EGTA, wherein a molar ratio of ferric iron to the EGTA 1s
about 0.04 to about 0.28.

Embodiment G 1s the composition of Embodiment F,
wherein the EGTA 1s present at a concentration of 0.5 mM
to 5 mM.

Embodiment H 1s the composition of Embodiment F or
Embodiment G, wherein the EGTA 1s present in the com-
position as a sodium or potassium salt.

Embodiment I 1s the composition of any one of the
preceding Embodiments, further comprising 2-hydroxypro-
pane-1,2,3-tricarboxylate; wherein the organic ron-chelat-
ing reagent and the 2-hydroxypropane-1,2,3-tricarboxylate
are distinct molecules.

Embodiment J 1s the composition of any one of the
preceding Embodiments, wherein the non-ionic surfactant
has a Hydrophilic-lipophilic balance of about 11 to about 16.

Embodiment K 1s the composition of any one of the
preceding Embodiments, wherein the nonionic surfactant 1s
selected from the group consisting of t-octylphenoxypoly-
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cthoxyethanol, sorbitan fatty acid ester, polvoxyethylene
sorbitan fatty acid ester, polyoxyethylene alkyl ether, non-
ylphenol, lauryl alcohol, polyethylene glycol, polyoxyeth-
ylene.polyoxypropylene block polymer, polyoxyethylene
alkyl amine, and polyoxyethylene fatty acid bisphenyl ether,
and a combination of any two or more of the foregoing
nonionic surfactants.

Embodiment L 1s the composition of any one of the
preceding Embodiments, wherein the non-1onic surfactant 1s
present at a concentration up to about 0.3% mass/volume.

Embodiment M 1s the composition of any one of Embodi-
ments B through L, wherein the ferric iron 1s dissolved in the
aqueous composition at a concentration of 50 uM to 300 uM.

Embodiment N 1s the composition of any one of the
preceding Embodiments, further comprising polyvinylpyr-
rolidone.

Embodiment O 1s the composition of Embodiment N,
polyvinylpyrrolidone 1s present at a concentration of up to
0.043% w/v.

Embodiment P 1s the composition of any one of the
preceding Embodiments, wherein the composition further
comprises fluorosurfactant.

Embodiment Q the composition of Embodiment of P,
wherein fluorosurfactant 1s FC-4430™,

Embodiment R 1s the composition of any one of the
preceding Embodiments, wherein the composition further
comprises an indicator dye.

Embodiment S 1s the composition of Embodiment of R,
wherein 1ndicator dye 1s cresol red.

Embodiment T 1s the composition of any one of the
preceding Embodiments, wherein the composition further
comprises a preservative.

Embodiment U 1s the composition of Embodiment of T
wherein preservative 1s methylisothiazolinone.

Embodiment V 1s the composition of any one of the
preceding Embodiments, for use 1n detecting microorganism
in a sample.

Embodiment W 1s the composition of any one of the
preceding Embodiments, wherein the sample 1s a food
sample, clinical sample or a culture broth.

Embodiment X 1s the composition of Embodiment of W,
wherein food sample comprises protein.

Embodiment Y 1s the composition of Embodiment X,
wherein protein 1s ferritin.

Embodiment Z 1s the composition of any one of the
preceding Embodiments, wherein the sample comprises a
culture broth.

Embodiment AA i1s the composition of Embodiment Z,
wherein the sample comprises esculin.

Embodiment AB 1s an 1sothermal nucleic acid amplifica-
tion method, said method comprising
a) contacting the composition of any one of Embodiments B

through AA with a target sample to form an aqueous

mixture;

b) subjecting the aqueous mixture of step a) to a thermal
lysis process; and

¢) after step b), subjecting the aqueous mixture to 1sothermal
nucleic acid amplification process.

Embodiment AC i1s the method of Embodiment AB, for
climinating inhibition of nucleic acid amplification caused
by interfering components present 1n the sample.

Embodiment AD 1s the method of Embodiment AB or
Embodiment AC, wherein the 1sothermal nucleic acid ampli-
fication method 1s a loop-mediated 1sothermal amplification

(LAMP) method.
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Embodiment AE 1s the method of any one of the Embodi-
ments AB through AD, wherein the sample 1s a food sample,
clinical sample or a culture broth.

Embodiment AF 1s the method of Embodiment AE,
wherein the food sample comprises protein.

Embodiment AG 1s the method of Embodiment AF,

wherein protein 1s ferritin.

Embodiment AH 1s the method of any one of the Embodi-
ments AB through AG, wherein the sample 1s culture broth.

Embodiment Al 1s the method of Embodiment AH,
wherein the sample comprises esculin.

Embodiment AJ 1s the method of any one of the Embodi-
ments AB through Al wherein the sample 1s incubated 1n a
culture broth at about 41.5° C. prior to step a).

Embodiment AK 1s the method of any one of the Embodi-
ments AB through AlJ, wherein composition further com-
prises a buflering agent, and an enhancer for facilitating

LAMP-BART reaction.

Embodiment AL 1s the method of Embodiment AK,
wherein the enhancer 1s selected from the group consisting
ol potassium chloride, ammonium sulfate, magnesium sul-
fate heptahydrate and combinations thereof.

Embodiment AM 1s the method of Embodiment AK or
Embodiment AL, wherein the buflering agent comprises Tris
base.

Embodiment AN 1s the method of any one of the Embodi-
ments AB through AM, wherein the subjecting the aqueous
mixture to a thermal lysis process comprises heating the
aqueous mixture to about 100° C. for about 15 minutes and
subsequently cooling the mixture to about 40° C. for about
S minutes.

Embodiment AO 1s the method of Embodiment AN,
wherein, after cooling the mixture to about 40° C., the
method further comprises contacting the mixture with a
reagents for LAMP-BART isothermal amplification.

Embodiment AP 1s a kit, comprising;:

ferric 1ron;

an organic iron-chelating reagent; and

a non-ionic surfactant;

wherein the organic iron-chelating reagent has a first
affinity constant greater than or equal to 10** with respect to
ferric iron and a second affinity constant less than 10°-° with
respect to magnesium, wherein the first athinity constant and
the second aflinity constant are determined in deionized
water at pH 8.45 and 20° C.

Embodiment AQ 1s the kit of Embodiment AP, wherein
the organic 1ron-chelating reagent comprises a plurality of
carboxylate groups.

Embodiment AR 1s the kit of Embodiment AP, wherein
the organic 1ron-chelating reagent 1s selected from the group
consisting of ethylene glycol tetraacetic acid; N,IN,N',N'-
tetrakis(2-pyridylmethyl)ethane-1,2-diamine; 1,2-bis(o-
aminophenoxy)ethane-N,N,N',N'-tetraacetic acid; N-(2-Hy-
droxyethypethylenediamine-N,N',N'-triacetic acid; and salts
thereof.

Embodiment AS 1s the kit of any one of Embodiments AP
through AR, further comprising polyvinylpyrrolidone.

Embodiment AT i1s the kit of any one of Embodiments AP
through AS, wherein non-ionic surfactant 1s selected from
the group consisting of t-octylphenoxypolyethoxyethanol,
sorbitan fatty acid ester, polyoxyethylene sorbitan fatty acid
ester, polyoxyethylene alkyl ether, nonylphenol, lauryl alco-
hol, polyethylene glycol, polyoxyethylene.polyoxypropyl-
ene block polymer, polyoxyethylene alkyl amine, polyoxy-
cthylene fatty acid bisphenyl ether, and a combination of any
two or more of the foregoing nonionic surfactants.
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Embodiment AU 1s the kit of any one of any one of
Embodiments AP through AT, wherein organic iron-chelat-
ing reagent comprises EGTA, BAPTA, HEDTA, TPEN, or
a monovalent cationic salt of any of the foregoing organic
iron-chelating reagents.

Embodiment AV 1s the kit of Embodiment AU, wherein
the monovalent cationic salt 1s selected 1s selected from a
sodium salt and a potassium salt.

Embodiment AW 1s the kit of any one of the Embodiments
AP through AV, wherein the kit further comprises a fluoro-
surfactant.

Embodiment AX 1s the kit of Embodiment AW, wherein
fluorosurfactant 1s FC-4430™,

Embodiment AY 1s the kit of any one of Embodiments AP
through AX, wherein the kit further comprises an indicator
dye.

Embodiment AZ 1s the kit of Fmbodiment AY, wherein
the 1indicator dye 1s cresol red.

Embodiment BA 1s the kit of any one of the Embodiments
AP through AZ, wherein the kit further comprises a preser-
vative.

Embodiment BB 1s the kit of Embodiment BA, wherein
the preservative 1s methylisothiazolinone.

Embodiment BC 1s the kit of any one of the Embodiments
AP through BB, wherein the kit further comprises a buil-
ering agent.

Embodiment BD is the kit of any one of the Embodiments
AP through BC, wherein the kit further comprises a buil-
ering agent, and an enhancer for facilitating LAMP-BART
reaction.

Embodiment BE 1s the kit of Embodiment BD, wherein
the enhancer 1s selected from the group consisting of potas-
sium chloride, ammonium sulfate, magnesium sulfate hep-
tahydrate and combinations thereof.

Embodiment BF 1s the kit of Embodiment BE, wherein
the bullering agent comprises Tris base.

Embodiment BG 1s the kit of any one of the Embodiments
AP through BF, wherein at least one of the organic 1ron-
chelating reagent, the ferric iron, the polyvinylpyrrolidone,
and the non-iomic surfactant 1s disposed i1n an aqueous
medium.

Embodiment BH 1s the kit of Embodiment B@G, wherein
the aqueous medium has a pH of about 8.45 to 8.85.

Embodiment BI 1s the kit of any one of the Embodiments
AP through BH, wherein the kit comprises instructions for

USC.

EXAMPLES

Objects and advantages of this invention are further
illustrated by the following examples, but the particular
maternials and amounts thereof recited 1n these examples, as
well as other conditions and details, should not be construed
to unduly limit this mvention. Unless otherwise indicated,
all parts and percentages are on a weight basis, all water 1s
distilled water, and all molecular weights are weight average
molecular weight.

Example 1—the Effect of a Composition

Comprising Ferric Iron and an Organic
Iron-Chelating Reagent 1n the LAMP-BART
Reaction with a Sample Containing Protein

Sample: Raw Meat

25 g of an 80% lean ground beet sample was added to 225
ml. of room-temperature demi-Fraser (3M) in a Nasco
Whirl-Pak® filter bag and the mixture was stomached for 2
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minutes. The bag holding the stomached mixture was placed
in a 37° C. incubator and incubated for 24 hours for
enrichment. A 20 yulL aliquot of the enriched sample was
added 1 triplicate to 580 uL of four different formulations
of lysis solutions containing 150, 100, 50, or 0 uM {ferric
ammonium citrate, respectively. In addition to ferric ammo-
nium citrate, each of the four lysis solutions contained the
reagents as given below 1n Table 1.

TABLE 1

Base formulation for lysis solutions. Various concentrations of ferric
ammonium citrate was added to this base formulation

as described in Example 1.

Reagents Concentration
Potassium chloride 3.190 g/L
Ammonium sulphate 1.410 g/L
Proclin ® 950(9.5%) 0.526 mL/L
PVP 0.430 g/L
TRITON X-100 1.000 g/L
FC 4430 0.200 g/L
Tris base 2.720 g/L
EGTA 0.4754 g/L.
Cresol Red 10 mg/L

The tubes of lysis solution were heated on a 100° C. 3M
heat block for 15 minutes, cooled to ~40° C. and a 20 uL
aliquot was added to a generic matrix control LMAP-BART
pellet (Part No. MDMCO96NA, available from 3M Company;
St. Paul, Minn.). The pellet was placed 1n a MDS instrument
(Part No. MDS 100; available from 3M Company; St. Paul,
Minn.) and bioluminescence (i.e., the BART reaction) was
recorded for 75 minutes.

FIG. 1 demonstrates the ihibition relief in a dose depen-
dent response where increasing Fe* concentrations leads to
faster reaction times. It depicts the eflect of different con-
centration of Fe*> on BART light emission. Light intensity
1s measured 1n terms ol the Relative Light Units (RLU)
which 1s directly proportional to the nucleic acid amplifica-
tion. FIG. 1 shows that Fe*® at 150 uM concentration
resulted in the highest RLU peak; Fe* at 100 uM and 50 uM
concentration resulted in smaller peaks; and RLU was
minimum in the absence of Fe*> (0 uM). It was also noted
that the reaction time was much faster with higher Fe*
concentration and was slowest in the absence of Fe*® (0
uM).

This 1s indicative of the fact that the composition of the
present disclosure causes reduction/elimination in the
nucleic acid amplification ihibition caused by the protein
present 1in the raw meat sample.

Example 2—the Eilect of a Composition
Comprising Ferric Iron and an Organic
Iron-Chelating Reagent 1n the LAMP-BART
Reaction of a Sample Containing Esculin or
Esculetin

An overnight culture of Listeria species (LM 7244), 1n
demi-Fraser (3M) was serially diluted (to 107°) in four
different media as below:

1. Demi-Fraser (DF)—without FAC
2. Demi-Fraser+FAC (100 ul/10 mL)

3. Demi-Fraser+6,7 dihydroxycoumarin [aesculetin]
(0.52 g/L)
4. Demi-Fraser+6,7 dihydroxycoumarin [aesculetin]

(0.52 g/L)+FAC (100 uL./10 mL)
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Each of the above media was then incubated at 37° C. for
6 hours. 20 uL. of each sample was added to 5804 of the lysis

formulation as described in table —1 above, boiled on the
heat block for 15 minutes, and a 204 aliquot was added to
a 3AM™ Molecular Detection System (MDS) 1.0 L. mono-
cytogenes pellet (part no. MDALM96NA; available from
3M Company; St. Paul, Minn.).

FIG. 2 1s a plot of “time to peak” (T'TP) in the LAMP-
BART reaction 1n relation to the 4 media tested as above.
“T'TP” refers to the amount of time (minutes) to a positive
result using the 3M Molecular Detection System. The word
“Coumarin”, as used in FIG. 2, refers to 6,7,-dihydroxycou-
marin, a product of enzymatic hydrolysis of esculin.

This 1s indicative of the fact that the composition of the
present disclosure causes reduction/elimination in the
nucleic acid amplification inhibition caused by esculin or
degradation products thereof.

Example 3—the Eflect of Surfactant Vis a Vis a
Composition Comprising Ferric Iron and an
Organic Iron-Chelating Reagent in the

[LLAMP-BART Reaction

A sample of 25 g chicken parts and pieces, in Bolton
Broth along with 5% laked horse blood was incubated at
41.5° C. for 24 hours:

1) Triplicate 204 aliquots of the broth culture were added

to separate tubes containing 580 ul of lysis solution

2) The tubes were placed 1n a heat block for 15 minutes

3) Afterward, the tube racks were placed on a room

temperature chill block for 5 minutes

4) Finally, 20 uL of the lysates were used to reconstitute

a MDS matrix control pellet and the 1sothermal ampli-
fication reaction was run.

Lysis solution was same as described in table 1, except
that the amount of TRITON-X-100 was varied and magne-
sium sulphate heptahydrate (73.8 mg/L) was additionally
present. Surfactant and FAC were varied according to the
concentrations listed in Table 2.

TABLE 2
Experimental Surfactant FAC
Condition (ppm) (nM) TTP (min)

A 100 0 59.5
100 0 75
100 0 75

B 250 0 75
250 0 75
250 0 75

C 320 0 75
320 0 52.5
320 0 75

D 100 200 20.75
100 200 24.5
100 200 24.5

E 250 200 36.5
250 200 43.75
250 200 48.25

g 320 200 38.25
320 200 49.25
320 200 44.75

FIG. 3 1s a boxplot of the data described 1n table 2, which
show that controlling the surfactant level below the Critical
Micelle Concentration (CMC) of a given surfactant (TRI-
TON X-100 CMC=190 ppm) adds to the anti-inhibitory
cllect of Ferric 1ons and leads to enhanced performance (1.e.,
faster time to positive result). Without being bound by
theory, 1t was 1nvestigated that eflfect may be due to
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decreased protein solubilization from the raw meat sample.
The lower boundary of effective surfactant concentration 1s
about 20 ppm. At surfactant concentrations <20 ppm, the
1sothermal amplification reaction was inhibited, possibly
due to the amplification/detection assay enzymes sticking to
tube walls. In addition to ferric ammonium citrate in the
lysis builer, there 1s a beneficial effect when surfactant levels
are kept below the CMC of the surfactant.

The present disclosure, 1n general, 1s suitable for use 1n
both research and diagnostics. That 1s, the compositions,
methods and kits of the present disclosure may be used for
the purpose of identifying various nucleic acids or expressed
genes, or for other research purposes. Likewise, the com-
positions, methods and kits can be used to diagnose numer-
ous diseases or disorders of humans and animals. In addi-
tion, they can be used to identify diseased or otherwise
tainted food products (e.g., foods that are infected with one
or more pathogenic organisms/micro-organisms), or the
presence of toxic substances or toxin-producing organisms
in a sample. Thus, the compositions and methods have
human health and veterinary applications, as well as food
testing and homeland security applications.

The complete disclosure of all patents, patent applica-
tions, and publications, and electronically available material
cited herein are incorporated by reference. In the event that
any 1nconsistency exists between the disclosure of the
present application and the disclosure(s) of any document
incorporated herein by reference, the disclosure of the
present application shall govern. The foregoing detailed
description and examples have been given for clarity of
understanding only. No unnecessary limitations are to be
understood therefrom. The mnvention 1s not limited to the
exact details shown and described, for variations obvious to
one skilled in the art will be included within the invention
defined by the claims.

All headings are for the convenience of the reader and
should not be used to limit the meaning of the text that
tollows the heading, unless so specified.

The invention 1llustratively described herein suitably may
be practiced 1n the absence of any element(s) not specifically
disclosed herein. Thus, for example, 1n each instance herein
any of the terms “comprising’”’, “consisting essentially of”,
and “‘consisting of”” may be replaced with either of the other
two terms. The terms and expressions which have been
employed are used as terms of description and not of
limitation, and there 1s no intention that in the use of such
terms and expressions of excluding any equivalents of the
features shown and described or portions thereof, but 1t 1s
recognized that various modifications are possible within the
scope of the mvention claimed. Thus, 1t should be under-
stood that although the present invention has been specifi-
cally disclosed by preferred embodiments and optional
teatures, modification and variation of the concepts herein
disclosed may be resorted to by those skilled in the art, and
that such modifications and variations are considered to be
within the scope of this invention as defined by the appended
claims.

The mnvention claimed 1s:

1. An aqueous composition for eliminating sample inhi-
bition 1n an isothermal nucleic acid amplification reaction,
said aqueous composition comprising:

an organic iron-chelating reagent;

ferric 1ron; and

a non-ionic surfactant at a concentration greater than or

equal to 0.005% (mass/volume);

wherein the aqueous composition has a pH of about

3.45-8.85;
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wherein the organic iron-chelating reagent has a first
affinity constant greater than or equal to 10** with
respect to ferric iron and a second aflinity constant less
than 10°° with respect to magnesium, wherein the first
ailinity constant and the second afhnity constant are
determined 1n deionmized water at pH 8.45 and 20° C.;
and wherein the composition further comprises 2-hy-
droxypropane-1,2,3-tricarboxylate, wherein  the
organic iron-chelating reagent and the 2-hydroxypro-
pane-1,2,3-tricarboxylate are distinct molecules.

2. The aqueous composition of claim 1, wheremn the
organic 1ron-chelating reagent 1s selected from the group
consisting of ethylene glycol-bis(2-aminoethylether)-IN,N,
N'.N'-tetraacetic acid; N,N,N'N'-tetrakis(2-pyridylmethyl)
cthane-1,2-diamine; 1,2-bis(o-aminophenoxy)ethane-IN,N,
N'.N'-tetraacetic acid; N-(2-Hydroxyethyl)ethylenediamine-
N,N'.N'-triacetic acid; and salts thereof.

3. The aqueous composition of claim 1, wheremn the
organic 1ron-chelating reagent comprises EGTA, wherein a
molar ratio of ferric 1ron to the EGTA 1s about 0.04 to about
0.28.

4. The aqueous composition of claim 1, wheremn the
non-ionic surfactant has a Hydrophilic-lipophilic balance of
about 11 to about 16.

5. The aqueous composition of claim 1, wheremn the
non-ionic surfactant 1s present at a concentration up to about
0.3% (mass/volume).

6. The aqueous composition of claim 1, wherein the ferric
iron 1s dissolved 1n the aqueous composition at a concen-
tration of about 50 uM to about 350 uM.

7. The aqueous composition of claim 1, further compris-
ing polyvinylpyrrolidone.

8. The composition of claam 1, further comprising a
fluorosurfactant.

9. The composition of claim 1, further comprising an
indicator dye.

10. An 1sothermal nucleic acid amplification method, said
method comprising:

a) contacting the composition of claim 1 with a target

sample to form an aqueous mixture;

b) subjecting the aqueous mixture of step a) to a thermal

lysis process; and

c) subsequent to step b), subjecting a portion of the

aqueous mixture to an 1sothermal nucleic acid ampli-
fication process.

11. The method of claim 10, wherein 1sothermal nucleic
acid amplification process comprises loop-mediated 1sother-
mal amplification.

12. The method of claim 10, wherein the composition
turther comprises a buflering agent, and an enhancer for
tacilitating a LAMP-BART reaction.

13. The method of claam 10, wherein subjecting the
mixture to thermal lysis comprises heating the mixture to
about 100° C. for about 15 minutes, wherein the cooled
lysate 1s added to a control LAMP-BART pellet for 1sother-
mal amplification.

14. An aqueous composition for eliminating sample inhi-
bition 1n an isothermal nucleic acid amplification reaction,
said aqueous composition comprising:

an organic 1ron-chelating reagent;

ferric 1ron; and
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a non-ionic surfactant at a concentration greater than or
equal to 0.005% (mass/volume);

wherein the aqueous composition has a pH of about
8.45-8.85;
wherein the organic iron-chelating reagent has a {first

affinity constant greater than or equal to 10** with

respect to ferric iron and a second aflinity constant less

than 10°-® with respect to magnesium, wherein the first

aflinity constant and the second aflinity constant are
determined 1n deionized water at pH 8.45 and 20° C.;
and wherein the composition further comprises a fluo-
rosurtactant.

15. The aqueous composition of claim 14, wherein the
organic 1ron-chelating reagent 1s selected from the group
consisting of ethylene glycol-bis(2-aminoethylether)-N,N,
N'.N'-tetraacetic acid; N,N,N'N'-tetrakis(2-pyridylmethyl)
cthane-1,2-diamine; 1,2-bis(o-aminophenoxy )ethane-N,N,
N'.N'-tetraacetic acid; N-(2-Hydroxyethyl)ethylenediamine-
N,N'.N'-triacetic acid; and salts thereof.

16. The aqueous composition of claim 14, wherein the
organic 1ron-chelating reagent comprises EGTA, wherein a
molar ratio of ferric 1ron to the EGTA 1s about 0.04 to about
0.28.

17. The aqueous composition of claim 14, further com-
prising 2-hydroxypropane-1,2,3-tricarboxylate, wherein the
organic 1ron-chelating reagent and the 2-hydroxypropane-1,
2.3-tricarboxylate are distinct molecules.

18. The aqueous composition of claim 14, wherein the
non-ionic surfactant has a Hydrophilic-lipophilic balance of
about 11 to about 16.

19. The aqueous composition of claim 14, wherein the
non-ionic surfactant 1s present at a concentration up to about
0.3% (mass/volume).

20. The aqueous composition of claim 14, wherein the
ferric 1ron 1s dissolved 1n the aqueous composition at a
concentration of about 50 uM to about 350 uM.

21. The aqueous composition of claim 14, further com-
prising polyvinylpyrrolidone.

22. The composition of claim 14, further comprising an
indicator dye.

23. An 1sothermal nucleic acid amplification method, said
method comprising:

a) contacting the composition of claim 14 with a target

sample to form an aqueous mixture;

b) subjecting the aqueous mixture of step a) to a thermal

lysis process; and

c) subsequent to step b), subjecting a portion of the

aqueous mixture to an isothermal nucleic acid ampli-
fication process.

24. The method of claim 23, wherein 1sothermal nucleic
acid amplification process comprises loop-mediated 1sother-
mal amplification.

25. The method of claim 23, wherein the composition
further comprises a buflering agent, and an enhancer for
facilitating a LAMP-BART reaction.

26. The method of claim 23, wheremn subjecting the
mixture to thermal lysis comprises heating the mixture to
about 100° C. for about 15 minutes, wherein the cooled
lysate 1s added to a control LAMP-BART pellet for 1sother-
mal amplification.
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